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Abstract 
Orthogonal Frequency Division Multiplexing (OFDM) splits a high-speed data stream into a number of lower-speed 
data streams that are transmitted simultaneously over a number of subcarriers. The capability of resistance of 
intersymbol interference and bandwidth efficiency are improved, and multipath fading is effectively combated. In 
order to improve communication efficiency and communication quality, it is necessary to make a dynamic estimation 
of the current characteristics of the channel. In OFDM system, the technology of channel estimation based on the 
pilot frequency of block-type distribution is that pilot signal is inserted at regular intervals of time on the transmitting 
terminal, and on the receiving terminal extract pilot signal from the received data stream, and according to that the 
channel characteristics are estimated at the period of time. Three common methods of channel estimation based on 
pilot frequency: MMSE estimation, LS estimation and SVD estimation are discussed with comparison in OFDM 
system. Through the simulation of matlab, three channel estimation methods and their characteristics are analyzed 
and compared. The results show that the performance of MMSE estimation is far better than that of the LS estimation, 
but MMSE estimation has high computational complexity. The performance and computational complexity of SVD 
estimation are ranged between that of the MMSE estimation and LS estimation. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
Orthogonal Frequency Division Multiplexing(OFDM) is a kind of improvement to the multi-carrier 
modulation (MCM), which divides the channel into many orthogonal sub-channels in the frequency range, 
each of which maintenance orthogonal, and transforms  the high speed data stream string to these , and 
transfers it by low bit rate . It is suitable for high speed data transmission in the multi-diameters and in the 
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frequency selectivity channel environment. It can effectively eliminate the ISI, improve bandwidth 
efficiency, very well resistance frequency selectivity decline and selective interference. 
The channel must be estimated and tracked when demodulated in OFDM system, and the normal 
method is the data assistance estimation inserted pilot frequency or the blind estimation based on the high-
order statistics. This article mainly gives channel estimation based on the massive pilot frequency structure 
which is suitable for the wireless channel that slowly decline. The channel estimation based on the massive 
pilot frequency structure refers that in the signal transmission the pilot signal (signal that the receiver has 
knowed) is inserted once in a while, also the pilot signal takes all sub-carriers, the receiver estimate the 
channel by processing pilot signal. Because the decline of the channel is very slow, the channel may be 
approximately regarded as constant between two pilot signals , then the characteristic of the channel 
occupied by symbols can be obtained through making interpolating filter of the channel transmission 
characteristic, through which these pilot frequency signal pass. Aimed at the characteristic of the OFDM 
transmission system, we attempt to use the different estimation criterion and the theory to deal with 
channel estimation. 
The first part of this article briefly introduce the developmental history of the mobile communication 
system as well as the basic principle of OFDM technology. In the second part, we describe OFDM system 
model with the pilot frequency, and narrate basic principle of the OFDM system based on the pilot 
frequency channel estimation technology in detail; the three kinds of channel estimation algorithm-MMSE 
estimation, the LS estimation, the SVD estimation based on the massive pilot frequency structure, are 
introduced with emphasis. Based on the previous three parts of introductions, in the third part, we compare 
the three estimation algorithms through the MATLAB system simulation. The fourth part summarizes the 
full text. 
2. Framework of Automatic Classification in Deep Web 
OFDM system uses Fast Fourier Transform Algorithm method to achieve the modulation and the 
demodulation, and greatly simplifies the complexity of the system. The accurate channel estimation is the 
determinant of regular work in OFDM system. We commonly use multi-pass modulation, and in order to 
obtain the instantaneous transmission characteristics of wireless channel, it is necessary to make channel 
estimation in the receiving end. Channel estimation based on pilot signal is used commonly for it can 
effectively mitigate and compensate the impact of multi-path fading in wireless channel. 
The structure of the OFDM system which is based on pilot signal can be seen in the Fig. 1. 
 
Figure 1. OFDM system based on pilot freqency 
Channel estimation based on pilot block-type structure is that in the direction of timeline, pilot signals 
are inserted periodically, while the period tN  must meet the sampling theorem, meanwhile, pilot signals 
take up all of the subcarriers in the frequency axis. This channel estimation method applies only to slow 
fading channel. Only when channel response remains the same during an OFDM symbol and the channel 
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transfer function ( )H k  of adjacent symbols does not vary a lot can the channel transfer function ( )H k  
of the location of data signals be estimated more exactly through the time domain interpolation. After Pilot 
Signals are taken out in the receiving end, the channel transfer function ( )H k  can be figured out through 
certain estimation algorithm, and according to this consequence, the following signals will be calibrated till 
the next Pilot Signal is received. 
Channel estimation based on pilot block-type structure only need to do the time domain interpolation, 
frequency domain interpolation is not needed and the computation is lower. 
Many related materials provide different methods on how to estimate channel transmission 
characteristics in the position of pilot frequency, in which there are two basic methods as follows: 
MMSE(Minimum Mean-Square error) estimation and LS(Least Square) estimation. And they have been 
improved under the assumption of the channel impulse response of finite length in many related materials, 
and one of the improving methods is SVD(Singular Value Decomposition) estimation which was based on 
eigenvalue decomposition. 
The simulation channel model of OFDM system is shown in Fig.1. Let the carrier frequency of 1GHz, 
the system operating bandwidth of 500 kHz, and it can be equally divided into 64 sub-channels. A full 
symbol period is 138 sP , while 10 sP  is circle prefix part. And the sample period is s2P , so that each 
symbol will contain the 69 samples, and five of those are cyclic prefix. The simulation used in the channel 
model is frequency-selective fading channel, and it is shown in Fig. 1. 
All the simulation channel models are based on multiple unrelated colored Gaussian random processes. 
While there are two methods to achieve the colored random process: the first category is the method of 
sine-wave superposition; the other category is shaping filter method. In this simulation, we adopt the 
former method.  
The formula is shown in equation (1). 
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Where ni,T  is phase shift of uniformly distributed random variables between 0 and 2ʌ. If using a finite 
number of harmonics to replace the unlimited ones, the random process can be expressed in equation (2). 
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When simulating, after ni,T  is taken out of the uniformly distributed random variables between 0 and 
2ʌ, it will no longer be changed throughout the simulation. Meanwhile, it no longer represents a random 
variable but an implemen-tation of a random variable as is shown in equation (3). 
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Therefore, in the initial phase of the establishment of simulation, it’s necessary to ensure the value of 
parameters  ninini fc ,,, ,, T , viz doppler coefficient, discrete doppler frequency shift, doppler phase shift, 
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so that the statistical characteristics of  ti
~
P  will be close to that of  tiP  in random processes. Now, we 
will use Monte Carlo method to ensure the three parameters. 
The basic idea of Monte Carlo method is by describing the probability density function of the 
probability distribution of the discrete Doppler frequency shift f to generate a Doppler frequency shift nf . 
The selection principle of nic ,  is that the average power of deterministic process  ti
~
P  is equal to the 
variance 20V  of  tiP  in random processes. Thus choose nic ,  as: 
NnNc ini ,...,2,1/20,   V   
Under the situation of corresponding to classical power spectrum, we can use method of Monte Carlo to 
get the equation (5). 
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While ni,T  is taken out of the uniformly distributed random variables between 0 and 2ʌ. Up to now, we 
can get a flat fading channel. 
Each channel of this system simulation consists of five paths of flat fading channels, in which four of 
them exist time delay, and the left one has no delay. Thus, they can maintain a very good sync.  
From the above analysis, we can achieve the frequency-selective fading channel models. 
3. Simulation Results 
Through simulation, in the condition of certain signal noise ratio, we can get the data in Tableĉ and 
TableĊ. 
From the consequence above, the curve graph of the bit error rate can be achieved in Fig.2. 
It can be seen from the graph of the bit error rate above that the performance of MMSE estimation is the 
best, and the performance of LS estimation is the worst, while for the complexity of the three channel 
estimation methods, the condition is reverse comparing with the condition of the performance. 
Both MMSE estimation and LS estimation are achieved under the same situation of the assumption of 
each sub channel noise variance, and both of them are designed by the construction of estimation. And 
MMSE estimation is achieved under the situation of the assumption of having already known the auto-
correlation properties of channels, and comparing with the estimation of LS estimation which does not 
adopt the auto-correlation properties of channel, its effect of estimation is better. 
Table 1 Statistics of bit error rate of each estimation 
SNR(db) 
Bit error rate 
of MMSE 
Bit error 
rate of LS 
Bit error 
rate  of SVD
0 0.7017 0.9101 0.7132 
1.5 0.6737 0.8751 0.6999 
3 0.6617 0.8599 0.6423 
4.5 0.6087 0.8121 0.6299 
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6 0.5685 0.7513 0.6001 
7.5 0.5177 0.7168 0.5590 
9 0.4486 0.6499 0.5103 
10.5 0.3842 0.5902 0.4595 
12 0.2932 0.4998 0.4032 
13.5 0.2191 0.4291 0.3323 
15 0.1450 0.3486 0.2295 
16.5 0.0899 0.2997 0.1799 
18 0.0588 0.2379 0.1108 
19.5 0.0356 0.1725 0.0606 
21 0.0175 0.1469 0.0398 
22.5 0.0102 0.0962 0.0255 
24 0.0075 0.0715 0.0147 
25.5 0.0038 0.0238 0.0088 
Table 2 Statistics of Operation Time of Each Estimation 
Time(s) 
Running time 
of MMSE 
Running time 
of  LS 
Running time 
of  SVD 
656.0490 412.8460 494.5130 
SVD estimation is designed by the construction of estimation. Using the best low-order theory to 
simplify the algorithm of LMMSE estimation, it may cause the error floor, so the effect is worse than 
MMSE estimation. With the decline of the order, the computational complexity of SVD estimation is 
reduced, however, the estimating error is increasing. 
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Figure 2. Bit error rate of MMSE, LS, SVD estimation algorithm 
4. Conclusions 
This article makes the concrete discussion to OFDM system channel estimation based on the massive 
pilot frequency. The system took the frequency selectivity fading channel as the model, and designed 
inserting the pilot signal into the data signal, and estimated the module of the channel characteristic 
utilizing pilot signal. In the simulation, we took three common channel estimation methods, and have 
carried on the comparison among the three estimation methods taking the error rate as the target. In the 
simulation, the setting of channel parameter and the actual channel’s have certain differences; therefore the 
result of simulation is approximate. But the overall tendency obtained in three estimation method 
performance comparison is may trusted, namely the MMSE estimation, the SVD estimation and LS 
estimation, the effect of three estimation algorithms in turn variations, but its complexity of operation order 
reduces in turn; the error rate of all the three estimation algorithm is gradually dropping along with the 
signal-to-noise ratio increasing. 
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